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Subject Areas 

MRMS – Multiple Radar Multiple Sensor (RITT, 2009) 

http://wdssii.nssl.noaa.gov/ 
 

Q2 – Advanced Precipitation Product Suite and 

development environment 

http://nmq.ou.edu/qvs-2012.html 

 

RUA – Rapidly Updating Analysis 
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What is MRMS? 

•MRMS = Multiple-Radar / Multiple-Sensor 
 

•Multi-Radar:  Exploits the overlapping 
coverage of the WSR-88D network and the 
Level-II real-time data feeds to build a 
seamless rapidly-updating high-resolution 
three-dimensional cube of radar data. 
 

•Multi-Sensor:  Objectively blends data from 
the multiple-radar 3D cubes with surface, 
upper air, lightning, satellite, rain gauges, and 
NWP environmental data, to produce highly-
robust decision assistance products. 
 

•Improvements demonstrated in QPE, severe 
weather diagnosis, warning decision 
efficiency, NWP, etc. 

RITT 10/16/12 



4 

MRMS/Q2 Domain  

           ~140 WSR-88D      31 Canadian 24 TDWR          1 TV station radar 
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 MRMS/Q2 
Mosaic and Product Creation 

Radar Ingest 

4D grids & products  Precipitation Products 

Severe Weather Products 

Aviation NextGen 

 Weather Products 

Products are disseminated in NetCDF, binary, AWIPS, N-AWIPS, 

GIS, GRP2, and HRAP formats using the LDM protocol 

WSR-88D DP 

 

TDWR 

Canadian 
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Multi-sensor Ingest 
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Advantages of MRMS 

Integrate multiple-radar and multiple-sensor information 

No longer single-radar specific. 

More accuracy in detection and diagnosis (better sampling - more 
“eyes” looking at storms). 

 

Rapid-update capability 

Uses virtual volume scan concept. 

Better lead time (no more waiting until end of volume scan for 
guidance). 

 

Automatically fill in outage gaps by other sensors 

Provides better continuity of operations. 
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MRMS Reflectivity,  
Precipitation & Diagnostic Grids 

NSSL produces and disseminates a suite of 40+ high resolution product grids over North America 
(1-km, 2 to 5 minutes) for use in model data assimilation, severe weather, aviation product 
development and hydrometeorology. 
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Multi-sensor reflectivity products 

• Reflectivity At Lowest Altitude • Maximum Vertical Reflectivity (CR) • Echo Tops (18, 30, 50 dBZ) • Isothermal Reflectivity (0°C, -10°C, -20°C) • Isothermal Reflectivity Thickness • Layer Reflectivity (Average, Maximum, Integrated) • VIL, VIL Density • POSH, MESH 

 

Reflectivity at -20°C 50 dBZ Echo Tops 

50 dBZ to 0°C Thickness Max Estimated Size Hail 
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MRMS Hail Swaths 

March 12-13 2006 Outbreak 
 
Kansas 
Missouri 
Illinois 
Indiana 
 
MRMS 
Hail Swaths 
 
Note “Six-State Supercell”! 

“Is there a business I can call to verify my 
warning?” 

“Where was the greatest likelihood of the largst 
hail?” 
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Multiple-Radar “Rotation Tracks” 
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Cluster tracking and trends 

• Based on “K-Means” image 
processing technique 

• Identifies areas of interested 
based on any MRMS field 
(e.g., Isothermal Reflectivity 
at -10°C, Satellite IR 
temperatures) 

• Multi-parameter trends 
available in Google Earth 
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Forecast and Severe Weather  Products 
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Base Reflectivity Mosaic Products 
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Flight Level Reflectivity Mosaics 
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QPE…. 
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The accurate observation and prediction of precipitation phase and rate is  
the greatest challenge in atmospheric science and operations. 
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Stage 4 1Y Accum. 
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 Q2 Vision 

“While tremendous progress has been made in the last quarter-
century in many areas of QPE and VSTQPF, significant gaps 
continue to exist in both knowledge and capabilities that are 
necessary to produce accurate high-resolution precipitation 
estimates at the national scale for a wide spectrum of users.” 

“To meet the nation's needs for the precipitation information 
effectively, the authors herein propose a community-wide 
integrated approach for precipitation information that fully 
capitalizes on recent advances in science and technology, and 
leverages the wide range of expertise and experience that exists in 
the research and operational communities. “ 
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 Q2 

 Q2 exists today as a scientific and community-based 
convergence towards accurate, very high-resolution 
multi-sensor precipitation estimates on a national to 
global scale.  

Q2 is a continuation of NSSL's departure from a radar-
centric approach to precipitation estimation towards 
a seamless integration of radar, satellite, model, and 
surface observations. 

 Q2 goal is to glean the best practices and techniques 
from NOAA’s River Forecast Centers, Forecast 
Offices, Office of Hydrology, OAR labs, 
domestic/international organizations and 
universities.  

Volume 92 Number 9 September 2011
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  Q2  Philosophy 
Focused on the flash flood scale - high resolution in both time and space – allows aggregation to larger scales 

Real-time (means real world) - Q2 R&D concepts and techniques are implemented in a ‘real time’ system - 
MRMS 

Operations centric - R&D focused on operational challenges and needs for critical decision support. 

Flexible and modular to facilitate rapid R2O and advances in computational technology and scientific techniques. 
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Real time platform to develop, test, and assess advance  

techniques in quality control, data integration and 

precipitation estimation and short term forecasting. 

Q2 
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Q2 Process 
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CAPE CldBase CldTop 

850-500 LR Hgt 0 C 

PW 500 RH 

700 RH 

850 RH 

900 RH 

Sfc-500 Shear 

Tsfc 

Atmospheric Environmental Fields 
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Q2 Process 
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Rain/Snow Delineation 
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10:43UTC Jan.7, 2009 

Environmental data is very important for precipitation 

classification: even with dual-pol radar. 

RUC Surface Analysis 
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2/4/2012 Texas HP Event 
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Precipitation and Diagnostic  Products 
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MRMS/Q2 Grid  Distribution  
Collaborators 

MRMS  
Products 

And Diagnostics 
 

WRA 
Salt River Project 

Stand Alone MRMS Systems 
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KML Products (Google Earth) 

http://nmq.ou.edu/qvs-2012.html 
http://wdssii.nssl.noaa.gov/ 

 
Live MRMS products for the CONUS. 
 
Severe storm analysis products derived from 3D reflectivity fields and environmental data  
 
Multi-radar reflectivity products (1 km, 5-minute updates) 
 
Multi-radar Doppler velocity products (0.5 km, 2-minute update) 
 
12,000+ unique users (including NWS), 4M hits per month 
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MRMS ‘Operational’ Status 

Approval of the National Severe Storms Laboratory 

Multiple-Radar / Multiple-Sensor (MRMS) weather 

decision support system as an official NOAA Line 

Office Transition Project (December 2010) 

Exploring possible implementation on NCEP’s new 

supercomputer 

Implemented at FAA WJHTC for research and 

development (30sec CONUS product generation) 
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MRMS - FAA and NextGen 
The AWRT PDT research and development work flow 
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RITT 10/16/12 



MRMS Products in development for 
FAA and NOAA  (FY13/14) 
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Product	Name MOU/end	user Description

CREF_DPQC FAA/FAA

2-D	national	mosaic	of	composite	
reflectivity,	derived	from	QC'd	base	level	
reflectivity	using	dual-polarization	radar	
techniques

HHC_mosaic FAA/FAA

2-D	national	mosaic	of	NWS	operational	
hydrometeor	classification	products	at	
the	lowest	unblocked	radar	observation	
levels

MREFL_3D_DPQC FAA/FAA
3-D	national	mosaic	of		base		reflectivity	
that	are	QC'd	using	dual-polarization	
radar	techniques

Q3rad_baseline:	
rate

OAR/RFCs,	FOs

2-D	national	mosaic	of	precipitation	
rate,	computed	from	the	NWS	
operational	polarimetric	radar	QPE	
[synthetic	method	based	on	fixed	R(Z),	
R(Z,	Zdr),	and	R(Kdp)].

Q3rad_baseline:	
accumulations

OAR/RFCs,	FOs 1-	to	72-h	precipitation	accumulations	

HC_3D FAA/FAA
3-D	national	mosaic	of		hydrometeor	
classicfications
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Courtesy Lou Wicker 

A better alternative? 

Radar #1 Radar #1 

Radar #2 Radar #2 

Radar #3 Radar #3 
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Single unified 3D analysis 

3D Wind (U/V/W) 
 
Solve vorticity equation 
 
Pres/Temp/RH 
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Rapidly Updating Analysis  

 
• Major focus of the NWS Science and Technology 

Roadmap is to provide increased situational awareness for 

forecasters  

• A rapidly updating analysis (RUA) of the physical 

environment (atmosphere, land, hydrology, ocean and 

cryosphere), is the first step.  

• The RUA will be produced centrally at NCEP from a 

national collection of observations (radar, satellite, surface 

stations, aircraft, rawinsondes, etc).  
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The What and Why? 

The RUA will generate real-time analyses of 

precipitation, radar reflectivity, clouds, temperature, 

moisture, wind, hazardous chemicals and others 

fields required by forecasters to generate warnings 

and forecasts with greater lead time and accuracy 

than today  

 

The MRMS/Q2 is the initial step towards the RUA 
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RUA and WRN 

• RUA will be a foundational piece of WRN Operations  

• End-to-End Implementation of RUA demands a broad-

based effort involving NWS, OAR, and NESDIS. 

• RUA implementation will set the stage for Warn on 

Forecast 

• The RUA Program would be an excellent proof-of-

concept R2O-O2R project for the proposed Science 

and Technology Infusion Center (STIC) 

 

36 RITT 10/16/12 



How? 

Software base 
Operational Gridpoint Statistical Interpolation (GSI) code 

Community-based software development using collaborative, 
disciplined software management 

NWS, NASA, NESDIS, OAR, NCAR participation 

Port MRMS Capability to GSI – OAR support 

Generalization of surface Real-Time Mesoscale Analysis (RTMA) 

Ingests all operational observations (temperature, wind, humidity, 
surface pressure) from 

Rawinsondes 

Aircraft 

Surface 

Geostationary and polar-orbiting satellite instruments 

Radar 

Analysis development 
Vertically nested system with increased resolution in PBL compared 
to mid-troposphere 
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RUA Scientific Development Areas 

Cloudy radiances 
Surface emissivity 
Partial cloudiness 

Cloud analysis 
Radar reflectivity and precipitation (GSD) 
Complementary use of microwave satellite and radar data 
High time density data (e.g. radar, GOES-R) 
Bias (background and observations) 
Platform-specific quality control 
Downscaling of background 
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THE NCEP REAL-TIME MESOSCALE 
ANALYSIS (RTMA)  

Manuel Pondeca,  Geoff Manikin , David Parrish, 
James Purser, Geoff DiMego, Stan Benjamin, John 

Horel,  Lee Anderson, Brad Colman, Greg Mann, and  
Greg Mandt 

 

Mesoscale Modeling Branch 

National Centers for Environmental Prediction 

 

Manuel.Pondeca@noaa.gov 

301-763-8000 ext 7734 

 

NOAA Science Center-Room 207 

5200 Auth Road 

Camp Springs, MD 20746-4304 
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Proposal for initial RUA 
cloud/hydrometeor fields 

Use GSI non-var cloud analysis 
• Use HRRR 1h forecast – experimental background 
• Map onto model prognostic variable 3-d cloud hydrometeor grids (cloud water, ice, 

size bins) 
• Differences from RAP/HRRR settings for cloud analysis 

• Build clouds at all levels, all stabilities, no dtemp criteria for marine stratus, etc. 
• Aggregate FOVs only to nearest grid point. 
• Use cloud fraction option in GSI to capture sub-gridscale (even at 2.5-3km) 

Use GSI 3-d radar 3-d assimilation (non-var for now, using radar-LH-DFI method inside model 
after GSI pre-processing) 

• Map onto model prognostic variable 3-d precipitation hydrometeor grids (rain water, 
snow, graupel) 
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HRRR 1h fcst 
- RUA radar background 
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RUA-radar analysis 
using GSI + HRRR 1h fcst 
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Obs radar used in preliminary RUA assimilation  
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Begin 

Early delivery products (via MRMS) 
Severe weather 

Lightning probability 

Wind shear 

Hail probability, size and geo distribution 

Precipitation 
Type 

Rate, 1,3 hour accumulation 

Reflectivity analysis and Vertical Profile of Reflectivity (VPR) 

Volume integrated liquid water (VIL) 

May 2013 (experimental potentially on new NCEP computer) 

Scientific development 
2-5 years to implement, given adequate funding 

Prototype (Autumn 2013) 
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Thank you ! 
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Real-Time Mesoscale Analysis (RTMA)  

The Real-Time Mesoscale Analysis (RTMA) is a NOAA/NCEP high-spatial 

and temporal resolution analysis/assimilation system for near-surface 

weather conditions.  

Its main component is the NCEP/EMC Gridpoint Statistical Interpolation 

(GSI) system applied in two-dimensional variational mode to assimilate 

conventional and satellite-derived observations. 

The RTMA was developed to support NDFD operations and provide field 

forecasters with high quality analyses for nowcasting, situational 

awareness, and forecast verification purposes.  

The system produces hourly analyses at 5 km and 2. 5 km resolution for 

the Conus NDFD grid.  
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